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a b s t r a c t
Nesameletidae is a Southern Hemisphere ephemeropteran family with large-bodied nymphs that are
swimming grazers, traits that make aquatic invertebrates vulnerable to visual predators. Metamonius
anceps is the sole representative of this family in South America and its present known distribution along
the Southern Andes is mostly restricted to headwater streams, usually with clear and well-oxygenated
waters.
We analyzed their spatial distribution in relation to the presence of the exotic predator rainbow trout
(Oncorhynchus mykiss), which is the only ﬁsh species in many small Andean Patagonia streams. We
measured mayﬂy abundance in the benthos and drift in reaches with and without ﬁsh (the latter being
reaches upstream ofwaterfalls that prevent trout access) in three catchments of Nahuel Huapi Lake basin
at the Nahuel Huapi National Park, Argentina. We compared nymphal abundance and body size at the
habitat scale and at the reach scale, and nymphal presence and body size in trout diet.
A multivariate analysis of physical stream features showed that habitat/reaches with and without ﬁsh
hadsimilar abiotic characteristics. Innoﬁshsites, nymphdensity rangedbetween44and180m−2 while in
ﬁsh sites they were 0–3m−2. In one stream nymphs drifted mainly during the day and ∼400 indiv. day−1
were estimated to enter the site with ﬁsh. However no nymphs were collected drifting 200m below
the waterfall (the reach with ﬁsh). Observations on the diet of rainbow trout also supported the ongo-
ing strong interaction between this mayﬂy and the trout. M. anceps is a highly vulnerable prey as no
permanent populations were found in study reaches with the exotic predator established. Our study
emphasizes the potential of natural physical barriers to stop invasive ﬁsh having access to headwaters
allowing them to harbour natural populations of the most trout-susceptible species supporting pristine
ecosystem conditions.ntroduction
The loss of biodiversity as a consequence of the globalized
xchange of species by humans beyond their natural distributions
as become a major issue in biological conservation (Mack et al.,
000; IUCN SSC: Species Survival Commission website). Trout are
mong the most widely translocated of all species in the Planet
ut well-documented examples of how their introduction affects
quatic ecosystems and their biota are limited to a few regions
McDowall, 2006; Herbst et al., 2009). Although they have been
idely introduced, they also have biotic traits, such as vagility
nd aggression that make them successful invaders. Studies on
rout impact in freshwaters have been recently conducted, almost a
∗ Corresponding author. Tel.: +54 2944 428505x105; fax: +54 2944 428505x600.
E-mail addresses: ralbarin@crub.uncoma.edu.ar,
albarin@comahue-conicet.gob.ar (R.J. Albarin˜o).
075-9511/$ – see front matter © 2010 Elsevier GmbH. All rights reserved.
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hundred years after their initial introduction in ecosystems where
they had not existed (Townsend, 1996; Pascual et al., 2002). The
most comprehensive research is that on streams and rivers in New
Zealand (Townsend, 2003), where it has been shown that trout
cause signiﬁcant effects at the individual (McIntosh and Townsend,
1994, 1996), population (Usio and Townsend, 2000; McIntosh,
2002), community (Flecker and Townsend, 1994; McIntosh and
Townsend, 1996; McIntosh, 2000) and ecosystem levels (Huryn,
1998).
Salmonids are very aggressive predators with high energetic
demands (Elliott and Hurley, 2000) that may prey both on inver-
tebrates and vertebrates (aquatic insects, crustacean, ﬁsh and
amphibians). They are visual foragers that primarily feed from the
water column. Various physical and chemical characteristics of
aquatic systems may act as environmental barriers to trout inva-
sion (e.g. unsuitable water temperature, pH, hydrological regime)
(Closs and Lake, 1996; McIntosh, 2000; Olsson et al., 2006). Most
importantly, however, waterfalls that act as natural barriers often
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mpede trout dispersal into the headwaters (Townsend and Crowl,
991; McIntosh, 2000; Herbst et al., 2009), consequently creating
a natural experiment” with trout presence/absence in down-
tream/upstream sections of streams.
In Patagonia, trout were ﬁrst introduced early in the twentieth
entury for recreational and economic purposes, and streams and
ivers are now often inhabited mostly by both brown and rainbow
rout (Salmo trutta L. and Oncorhynchus mykiss (Walbaum), respec-
ively) (Pascual et al., 2002, 2007; Soto et al., 2006), a pattern shared
ith Australasia (McDowall, 1990). Regarding the interaction of
xotic ﬁsh with native invertebrates, the extensive analysis per-
ormedbyReissig et al. (2006) on 18 lakes of the Patagonian Plateau
a steppe region) showed strong structural changes on zooplank-
on communities caused by exotic ﬁsh (mostly trout), which led to
ascading changes in phytoplankton composition. More recently,
uria et al. (2007) studied the impact of trout on benthic inver-
ebrate communities of erosional habitats in three small streams
n the Andes of Patagonia. By comparing sites with trout (below
aterfalls) and upstream sections without ﬁsh they found sig-
iﬁcant changes in community composition and size structure of
nvertebrates. Causality was supported by trout diet analysis and
rift sampling (Buria et al., 2007, 2009) and further supported by
ide-channel (with different ﬁsh treatments) and ﬁeld manipu-
ative experiments (i.e. following community recovery after ﬁsh
epletion at selected sites) (Buria, 2008).
Metamonius anceps (Eaton) is the only nesameletid mayﬂy
Ephemeroptera) in South America (Mercado and Elliott, 2004).
owever, thismonospeciﬁc genus has Gondwanan relatives inhab-
ting New Zealand (Nesameletus) and Australia (Ameletoides). M.
nceps live in low order streams from 33◦32′S (in the province
f Santiago, Chile) to 54◦47′S (Ushuaia, Tierra del Fuego) in both
he Patagonian Andes and coastal ranges of Argentina and Chile
Mercado and Elliott, 2004). Nymphs seem to prefer habitats with
ow current velocity (Domínguez et al., 2006). Its streamlined
ody has three robust rami fringed with bands of hairs, forming
caudal fan that helps in rapid swimming. A synthesis on the
mpacts of predators on benthic prey dispersal and densities,which
lassiﬁed prey into burrowers, clingers, sprawlers and swimmers,
evealed that swimmer species are the most negatively affected
nes (Wooster et al., 1997). In addition, the large size reached by
iddle and late instars would make them an easy prey for visual
redators, as has been observed in their counterparts in Australia
nd New Zealand (Gooderham and Tsyrlin, 2002; McIntosh and
ownsend, 1994). Hitherto, their known distribution in the head-
aters of streams has been associated with high water quality (i.e.
lear andwell-oxygenated) and lowhumandevelopment (Mercado
nd Elliott, 2004; Hollmann and Miserendino, 2006), but no study
as yet analysed their presencewith these and other biotic and abi-
tic variables. Our aim was to analyse the spatial distribution of M.
nceps at the catchment scale and to test whether trout presence
nd behaviour were related to the observed mayﬂy distribution.
tudy area
The study was carried out in: an unnamed small stream (herein
alled Refugio stream) and Pescadero stream, within Nahuel Huapi
ational Park,NorthwesternPatagonia (Argentina) (Table1),which
s in the deciduous forest district of the Subantarctic province
Cabrera andWillink, 1980). TheRefugio streamis in theChallhuaco
atchment and ﬂows through a deciduous Nothofagus pumilio (P.
t E.) Krasser forest (common name: lenga). Pescadero stream is
n the Gutierrez catchment and ﬂows through a mixed deciduous-
vergreen forest. The climate is cold-temperatewith precipitations
f 1700–2200mmyear−1 (Barros et al., 1983), mainly falling in
utumn (rain) and winter (snow). Igneous and metamorphic rocks Ta
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ominate parent material and water is characterized by low nutri-
nt concentrations (Pedrozo et al., 1993).
The morphology of both streams is typical of high gradi-
nt mountainous valleys and is dominated by step-pools mostly
ormed by largewood logs and run–rifﬂes sequenceswith the pres-
nce of waterfalls. The bottom is dominated by a boulder-cobble
ubstratum but smaller particles are present at lower current
elocities. In previous surveys we established the presence and
bundance of trout in both streams and selected sampling sites
n downstream and upstream reaches using waterfalls as nat-
ral barriers for ﬁsh distribution (Table 1). In Refugio stream
41◦14′56′′S, 71◦16′57′′W), a 1.7m high waterfall associated with a
ulvert delimited an upstream ﬁshless reach (RefNF) and a down-
tream reach with ﬁsh (RefF). In Pescadero stream (41◦10′42′′S,
1◦25′27′′W), two waterfalls (8 and 5m high) each separated by
300m of stream delimited three reaches: a downstream (high-
ensity ﬁsh: PesHF), an intermediate section (low-density ﬁsh:
esLF), and an upstream section (no ﬁsh: PesNF).
Additionally, unpublished information on M. anceps benthic
bundance obtained seasonally during a survey carried out in
996–1997 in two nearby small streams of the N˜ireco catchment
unning through deciduous lenga forest is presented (Table 1).
tream A1 (41◦12′38′′S, 71◦20′45′′W) has a 3m high waterfall
ear its junction with N˜ireco stream and this acts as a barrier for
pstream migration of ﬁsh. In contrast, stream A2 (41◦12′34′′S,
1◦21′06′′W) has no waterfalls, at least in the ﬁrst 800m from its
outh, and holds resident trout (Albarin˜o, pers. obs.). Therefore,
he samples reported here from A1 stream come from a ﬁshless
each and those from A2 correspond to a reach with trout.
ethods
Benthic samples were taken with a Surber sampler (0.063m2)
n ﬁve runs and ﬁve rifﬂes at the sites with and without ﬁsh in
oth streams (n=5 per Site×Habitat). Refugio stream was sam-
led seasonally in 2003–2004 and Pescadero stream was surveyed
nce in June 2004 (austral Winter). A1 and A2 streams had already
een Surber (0.09m−2) sampled seasonally during 1996–1997 in a
otally randomized design (n=6 per site per season) without dis-
inctionbetweenhabitats. InRefugio stream,wealso sampledpools
nd rifﬂes with a semi-quantitative method. As nymphs are capa-
le of rapid swimming and they may potentially avoid collection
y Surber sampler in low current habitats, we used an electroﬁsh-
ng technique (McIntosh, 2002) to collect samples in rifﬂe and pool
abitats of Refugio stream (n=5 per Site×Habitat). Sampling pro-
eeded by placing a D-frame net at a downstream position of a
elected rifﬂe to collect dislodged nymphs during two passes of
he electrode. Step-pools were sampled by gently sweeping the D-
rame net through the water column for 10 s. We assumed that
ost nymphs entering the water column by electroshocking were
aptured. Samples from both habitat types were compared after
btaining nymphal densities calculated using the total surface area
f the speciﬁc microhabitat. Although method efﬁciency was not
uantiﬁed, we assume sampling and data treatment were appro-
riate for the comparison purposes of the study.
Habitat quality for M. anceps was assessed by measuring chemi-
al andphysical variables inpools, rifﬂes and runs inRefugio stream
n=4 per Site×Habitat) and at the reach scale in Pescadero stream
n=4 per Site). Water temperature, conductivity, dissolved oxygen
oncentration, pH, water velocity, depth, wet channel width, habi-
at length and substratum composition were measured with the
ollowing instruments: portable thermometer or HOBO® datalog-
ers (Onset Computer Co.,Maine, USA), YSI 85 (YellowSpring, Ohio,
SA), waterﬂow meter (Global Water, California, USA), tape mea-
ures and rulers and an underwater visor, respectively.Meanwaterogica 41 (2011) 220–227
velocity was obtained by averaging instantaneous velocity from 6
vertical passes along the water column. We show water tempera-
ture records registered hourly during summer-autumn 2005–2006
in a trout and a ﬁshless reach at Refugio stream in order to compare
cumulated degree-days and maximum day amplitude between
those reaches. Water temperature was recorded with a pair of dat-
aloggers. Finally, we measured mayﬂy nymphal movement along
Refugio stream by drift sampling and assessed ﬁsh predation on
M. anceps in both streams. Drift sampling was carried out in Refu-
gio using a metal frame holding 3 drift nets positioned at the end
of the ﬁshless reach (15m upstream the waterfall) and at 200m
downstream the same waterfall. We simultaneously sampled drift
in both sites every 6h during a 24h period (22 December 2005) for
50min.Water ﬁltratedwas estimated as the average ofwater ﬂow-
ing across the net at t0 and t50 obtained with a ﬂow meter and a
ruler to get mean water velocity and sampled section on each net.
We previously assessed that this length of time was appropriate
to avoid inefﬁcient nymphal sampling due to net clogging. Trout
predation was assessed once in Pescadero stream or seasonally
in Refugio stream by analyzing stomach contents from individu-
als collected by electroﬁshing method (Table 2). Nymphal number
relative to total prey abundance in guts (%N), trout guts containing
M. anceps relative to total guts inspected (%F) and nymphal body
size were compared to M. anceps abundance and their body size in
the benthos.
Statistical analysis
Differences in stream morphology and hydraulics were ana-
lyzed by two-way ANOVA (Fish×Habitat) on the loadings of the
ﬁrst two principal components of a PCA on abiotic variables (Quinn
andKeough,2002;Statisticapackage, StatSoft Inc.,Oklahoma,USA).
Each loading was used as a dependent variable that represented
the best correlation of a set of abiotic measures. We performed
single PCAs for Refugio and Pescadero streams, because the level to
which physicalmeasurementswere taken varied between streams.
In Refugio, Fish was represented by two levels (ﬁsh vs. no ﬁsh)
and Habitat by three (pool, run, rifﬂe). In Pescadero stream, Fish
was represented by three levels (no ﬁsh, ﬁsh at low-density, ﬁsh
at high-density) and Habitat by two (run, rifﬂe). In Refugio stream,
the physical features included in the analysis were: habitat length,
habitatwidth, habitatmaximumandminimumdepth,water veloc-
ity and substratum cover (% boulder, cobble, pebble, gravel and
sand). In Pescadero stream, abiotic features included were: habitat
depth, water velocity, temperature and conductivity, and substra-
tum cover (% boulder, cobble, pebble, gravel and sand).
Differences in nymphal density between ﬁsh and ﬁshless sites
in the Refugio and N˜ireco catchments were compared on an annual
basis (i.e. all the samples taken at one site vs. those taken at
the other site) by Mann–Whitney rank sum tests. This proce-
dure allowed a larger dataset to be compared between reaches. In
Pescadero stream, statistical differences among siteswere testedby
one-way ANOVA and post hoc Tukey tests. Body size of M. anceps
nymphs between ﬁsh and ﬁshless sites and between trout stom-
achs and benthos were compared by t-test or Mann–Whitney test,
when assumptions of normalitywere notmet. Body size of nymphs
in stomachs was compared to those from all the individuals col-
lected in the benthos, regardless of site, assuming that nymphs in
any particular stream belonged to the same prey population.
ResultsAbiotic characteristics
Apart from A1 stream, which is ﬁrst order and ﬁshless, all
sites were on second order reaches. Physical and chemical char-
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Fig. 1. Mean nymphal density (±1SEM) of Metamonius anceps estimated in
run–rifﬂe habitats by Surber sampling. (a) Seasonal density variation of popula-
tions from two neighboring catchments: N˜ireco (A1 and A2 streams, n=6 per site)
and Challhuaco (Refugio stream, n=10 per site). (b) Nymphal density in Pescadero
stream (Gutierrez catchment) during winter 2005 (n=10 per site). Abbreviations:
Ref (Refugio), Pes (Pescadero), F (ﬁsh site), NF (no ﬁsh site), HF (high-density ﬁsh
site), and LF (low-density ﬁsh site). A1 (ﬁshless) and A2 (ﬁsh) streams are tributary
of N˜ireco stream.
acteristics were similar among habitats, sites and streams within
and between catchments (Table 1). In the principal component
analysis on abiotic variables for Refugio stream, the PC1 and PC2
explained 57% and 23% of the total variance, respectively. The two-
way ANOVAs (factors Fish×Habitat) on the loadings of PC1 and
PC2, considered thedependent variables, showedsigniﬁcant effects
at the habitat scale (Habitat effect, P<0.001 and P<0.001, respec-
tively, for PC1 andPC2). Poolswere signiﬁcantly different from runs
and rifﬂes (Tukey’s HSD post hoc test for both PC loadings, P<0.05).
However, the siteswith andwithout troutwere similar (Fish effect,
P=0.8244 and P=0.2604, PC1 and PC2, respectively). Differences
among pools and run/rifﬂes did not depend on Fish presence fac-
tor (Fish×Habitat effect, P=0.9741 and P=0.8619, respectively).
In the analysis on abiotic variables in Pescadero stream, the PC1
and PC2 explained 52% and 36% of the total variance, respectively.
Similarly, abiotic conditions measured at the habitat scale did not
vary statistically among sites (Fish effect, P=0.9620 and P=0.2578,
respectively) but differed between runs and rifﬂes (pools not sam-
pled, Habitat effect, P=0.0019 and P=0.0093, respectively). The
difference between runs and rifﬂes did not vary among sites (Habi-
tat× Fish effect, P=0.2362 and P=0.8918, respectively).
Nymph abundance in the benthos
Mean density of M. anceps nymphs at sites without ﬁsh var-
ied seasonally. It reached up to 180 (A1 stream) and 44 ind.m−2(Refugio stream) in autumn (Fig. 1a) and fell in subsequent sea-
sons. In contrast, ﬁsh reaches in both catchments had very few or
no nymphs in any season (Fig. 1a). Difference in nymphal den-
sity among ﬁshless and ﬁsh sites was statistically signiﬁcant in
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Fig. 2. Mean nymphal density in run–rifﬂe habitats compared to the percentage of
rainbow trout stomachs (frequency of occurrence: %F) containing M. anceps in (a)
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Fig. 3. Nymphaldrift at thedownstreamendof theﬁshless sectionofRefugio stream
and the percentage of rainbow trout stomachs (%F) containing M. anceps further
downstream below a waterfall every 6h on December 22, 2005. White symbol (M.
anceps in drift); black symbol (M. anceps in stomachs); circle (ﬁshless site); invertedefugio streamand (b)Pescadero stream(onlywinter sampling). Symbol references:
ircle – solid line (benthic nymphal abundance), triangle – dotted line (% F), black
ymbol (trout site), and white symbol (ﬁshless site).
˜ ireco catchment (A1 stream>A2 stream, Mann–Whitney test,
= 210, P<0.001) and in Refugio stream (Challhuaco catchment)
RefNF>RefF,Mann–Whitney test,T=1350,P<0.001). In Pescadero
tream, which was sampled only in winter, we also found a
ontrasting pattern in nymphal abundance with signiﬁcant dif-
erences between ﬁshless (60.0 indiv.m−2) and ﬁsh sites (2.9 and
.0 indiv.m−2; PesLF and PesHF, respectively) (post hoc Tukey test,
< 0.05, PesNF>PesLF =PesHF) (Fig. 1b). These results indicate that
. anceps was sensitive to trout presence at both ﬁsh densities
Fig. 1b).
In ﬁshless reaches, nymphs preferred pools and runs to rif-
es. For example, in Pescadero stream M. anceps density in Surber
amples was 5-fold higher in runs than rifﬂes (mean: 87.7 vs.
6.0 indiv.m−2, respectively, t-test: t=2.36, P<0.05). In the semi-
uantitative electroﬁshing survey in Refugio stream, densities
ithin the ﬁshless reach were 3-fold higher in pools than in rif-
es (mean: 39.5 vs. 12.9 indiv.m−2, respectively, t-test: t=2.44,
< 0.05). In contrast, nymphal distribution changed in ﬁsh reaches.
he strong decrease of total nymphal abundance in the low-density
sh reachofPescadero stream(PesLF) compared to itsﬁshless reach
PesNF) was accompanied by a change in habitat use; rifﬂes had
ore individuals than runs (4.5 vs. 0.0 indiv.m−2, respectively).
ymphs were absent in both sampled habitats at RefF and PesHF
here similar ﬁsh densities were found (pools and rifﬂes in RefF,
nd runs and rifﬂes in PesHF) (Table 2).
ymph abundance in trout stomachs
The percentage of trout stomachs containing nymphs ranged
rom 0 to 75 in samples of ﬁsh from Pescadero and Refugio streams
Table 2). In Pescadero stream, ﬁsh consumed M. anceps accord-
ng to their abundance in the preceding upstream section (Fig. 2a).
n PesLF site, 6 of 8 ﬁsh caught had M. anceps in their stomachs
hereas at PesHF site, only 6 of 26 stomachs contained nymphs. A
imilar pattern in diet analysis was observed in spring and summertriangle (downstream trout site). The white area indicates daylight. Error bars are
1 SEM. Frequency of nymphs on trout stomachs were obtained from 15 to 17 ﬁshes
captured at each sampling time.
in Refugio stream (Fig. 2b). However M. anceps was absent from
trout sampled in autumn and winter. Mean nymphal size (body
length) in the benthos differed signiﬁcantly between ﬁshless and
ﬁsh sites (t-test, t=2.78, P<0.01). In ﬁshless reaches it ranged from
7.4 to 9.3mm (Table 2). In contrast, the few specimens found in
ﬁsh sections had body sizes between 3.6 and 5.3mm (Table 2).
M. anceps was better represented in trout stomachs in the low-
density ﬁsh reach of Pescadero stream than at any other sampling
site (Table 2). Although trout fed on the full size range of nymphs
observed in the benthos (Mann–Whitney test in body size between
benthos vs. trout stomachs, T=3876, P>0.05), they tended to prey
on larger specimens.
Nymph abundance in the drift
Drift sampling performed on 22 December 2005 in Refugio
stream showed similar patterns of nymphal abundance to those
observed in benthic sampling (i.e. no collections in the ﬁsh sec-
tion). Drifting nymphs collected at the downstream end of the
ﬁshless section (RefNF) displayed adiel patternwithmaximumand
minimum densities of 106×10−3 and 33×10−3 individualsm−3,
at noon and night, respectively (Fig. 3). In contrast, drift nets
placed 200m below the waterfall (RefF) collected no nymphs but
stomachs of trout captured20–30mdownstreamof thesenets con-
tained nymphs whose relative abundance over time mimicked the
drifting pattern observed in the ﬁshless reach (Fig. 3). Size of M.
anceps entering the ﬁsh reach varied little during the day (range:
6.1–8.4mm), and mean prey size in trout stomachs was slightly
higher (range: 8.1–11.5mm) than prey present in the drift.
Discussion
Our study presents evidence that the disrupted distribution of a
conspicuous aquatic invertebrate, the neotropicalmayﬂy M. anceps
is associated with the presence of an introduced top predator.
Notably, M. anceps was sensitive to trout even at low preda-
tor densities. The suite of survey approaches used in this study
showed that habitats below waterfalls (i.e. ﬁshless and ﬁsh sec-
tions) had similar abiotic characteristics to those above them, and
are suitable for nymph dwelling. Substantial drift from a ﬁshless
section of stream (∼400 individuals day−1, December 2005, Refu-
gio stream) may reach trout-inhabited downstream sections. Such
downstreamnymphalmovement could be important for the recov-
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ry of locally depleted populations, but the high vulnerability of
ymphs to trout results in adownstreambarrier tonymphaldisper-
ion. High drift rates observed during daylight at the downstream
nd of the ﬁshless reach were paralleled with high predation by
rout below the reach; therefore few nymphs appear to disperse
nd settle down further downstream.
Functionally, nymphs of M. anceps behave as swimmer-grazers
Hollmann and Miserendino, 2006), which expose themselves to
eed and move in patches accessible to visual predators. Our sur-
ey indicated that in the absence of ﬁsh most nymphs inhabited
ow-moderate current velocity habitats (i.e. pools and runs, PesNF
nd RefNF) and suggested habitat shift to rifﬂes even at low den-
ities of trout (i.e. PesLF site). It is possible that this change was
ssociated with more protected conditions prevailing in shallow
nd swift rifﬂes where visual predation is reduced. In ﬁshless habi-
ats, nymphs are seen resting on top of benthic substrates in pools
nd moderate-ﬂow runs of small streams, and even in the rocky
ittoral zones of high-altitude glacial lakes above the timberline (R.
lbarin˜o, unpublished observations). In contrast, high densities of
rout (∼0.5ﬁshm−2) were associatedwith the absence of M. anceps
ymphs on almost all sampling occasions in Refugio and Pescadero
treams regardless of the habitat sampled.
Mayﬂy nymphs developing in habitats with ﬁsh predators may
etect and react to them using visual, hydrodynamic, or water-
orne chemical cues (e.g. Kohler and McPeek, 1989; Cowan and
eckarsky, 1994; Dodson et al., 1994; Scrimgeour and Culp, 1994).
owever, the extent to which prey species detect predators and
espond appropriately (thereby reducing predation risk) is condi-
ioned by their co-evolutionary history (Resetarits, 2001; Caudill
ndPeckarsky, 2003). Theunivoltinenature ofM.anceps (Hollmann
nd Miserendino, 2006) means that there have been ∼100 gener-
tions since trout introduction. This is perhaps not enough time
o adapt to this predator assuming the estimates of a recent study
n the adaptive evolutionary rate at the molecular level in three
pecies of Drosophila; Eyre-Walker (2006) calculated that an amino
cid substitution associated to positive Darwinian selection occurs
very 450 generations.
Vulnerability of M. anceps is likely a consequence of a com-
ination of its morphological and behavioural traits. Thus, body
ize, exposed habitat use (i.e. foraging and resting on top of sub-
trates) and diel movement patterns are conspicuous features that
egatively affect their populations. Body size is one of the most
lemental traitsmediating predator-prey interactions (Kerfoot and
ih, 1987) but prey behavior can also increase predation risk of
quatic species that feed in exposed portions of the habitat (Cowan
nd Peckarsky, 1994; Muotka et al., 1999), or move within and
etween them (e.g. swimming and drifting in the water column).
n extensive survey of 15 sites with similar abiotic conditions but
ith and without trout ﬁsh in the Upper Waimakariri River, Can-
erbury, New Zealand showed signiﬁcantly reduced populations of
esameletusornatus in streams inhabitedby trout (McIntosh, 2002).
. ornatus, which belongs to the same family as M. anceps, shares
onspicuous species traits (large sizeandbodymorphology, feeding
nd movement mode) making them very sensitive to the pres-
nce of brown trout (McIntosh, 2002). Similarly, the mayﬂy genus
meletus (Ameletidae), represented by conspicuous nymphs with
swimmer-grazer habit (shared characteristics with Nesameletid
pecies), was among the three taxa most affected by introduced
rout in 21 smallmountainous streams in the Sierra Nevada of Cali-
ornia,U.S.A.Ameletusdensitieswereheavily reduced in19of the21
ystems stocked with trout when compared to 21 ﬁshless streams
ith similar abiotic conditions (Herbst et al., 2009).
Interestingly, trophic interactions of M. anceps with potential
ative predators are unlikely in the streams we studied. While
ative ﬁsh was absent from all sections of our studied streams
e expect M. anceps to be capable of coexistence with the nativeogica 41 (2011) 220–227 225
ﬁsh of Patagonia (e.g. galaxiids). In New Zealand, the predatory
nature of native galaxiids, which are less aggressive predators
than trout, enables the coexistence of N. ornatus with galaxid ﬁsh
(McIntosh, 2002; Townsend, 2003). Regarding interactions with
other vertebrates, M. anceps has been seen with Alsodes gargola
(Gallardo) tadpoles in ﬁshless pools of Refugio stream in large
numbers (R. Albarin˜o, unpublished observations). Although this
endemic South Andean frog behaves as detritivore-grazer (Bafﬁco
and Úbeda, 2006) the presence of both species in large numbers
inhabiting individual pools suggests that they are able to coexist.
The vulnerability of M. anceps nymphs to riparian birds or to A.
gargola adults has not yet been explored. On the other hand, inver-
tebratepredators thatoccur in the reacheswhereM.anceps inhabits
(mostly hydrobiosid caddisﬂies and some brachyceran dipterans)
would only have access to smaller nymphs and dying individuals.
However, these invertebrate predators commonly forage within
the substratum (i.e. athericids, empidids and tipulids) or are not
abundant in depositional habitats (i.e. hydrobiosids) (Merritt and
Cummins, 1996; Velásquez and Miserendino, 2003) suggesting lit-
tle overlap with M. anceps habitat use on top of substrates or in the
water column.
In describing the extensive latitudinal distribution of M. anceps,
Mercado andElliott (2004) pointed out that their distribution in the
Andean and Chilean coastal mountain systems was disjunct. Thus,
the specieswasnever found in central valley reaches indicating that
this large depression acted as a barrier to the dispersion of popu-
lations inhabiting headwater streams in both ranges. It is yet to be
conﬁrmed to what extent introduced trout and the rich native ﬁsh
community inhabitant of Chilean freshwaters in the central valley
(Soto et al., 2006) are responsible for the local absence of M. anceps
populations. Trout, as many other ﬁsh, are generalist predators
which feed typically on the most abundant and vulnerable species
(Hubert and Gipson, 1994). From the perspective of M. anceps, it
determines sink sections in the environment where nymphs can
no longer occur because trout are there. If this is correct, trout
removal from the stream will release habitats for nymphal colo-
nization. This was observed in a ﬁeld manipulation conducted in
Refugio stream where trout were heavily depleted by electroﬁsh-
ing and a physical barrier established ad hoc to prevent subsequent
ﬁsh displacement (Buria, 2008). After trout removal and during the
following 5-months, the abundance of M. anceps gradually reached
that at an upstream ﬁshless site. Our study in forested headwater
streams suggests that trout is acting as a dispersal barrier for this
mayﬂy but at a small spatial scale (i.e. stream reach).
Up to now few studies have attempted to assess the magnitude
anddirection of the ecological impact that salmonids have in Patag-
onian freshwaters (Reissig et al., 2006; Buria et al., 2007; Pascual
et al., 2007; Buria et al., 2010), and we do not acknowledge ongo-
ing studies on the evolutionary and biogeographic effects on the
native fauna. Inparticular, Buria et al. (2007)havepreviously shown
that the invertebrate community characteristic of rifﬂe areas in the
Challhuaco andPescadero catchments are strongly affectedby rain-
bow trout, changing total invertebrate density, biomass and mean
body size, and species composition. Moreover, it has been recently
shown that trout indirectly affects both bioﬁlm accrual and leaf lit-
ter breakdown in erosional habitats (runs and rifﬂes) (Buria et al.,
2010). It is likely that trout have similar indirect effects inpool habi-
tats as a consequence of the lethal and sublethal predation effects
imposed on M. anceps and other pool-dwellers (e.g. tadpoles), but
this consideration remains to be tested.
Considering the large amount of research done in New Zealand
where brown trout have been shown to exert signiﬁcant effects on
the abundance and biomass production of native biota in streams
and rivers at different structural and functional levels (Townsend,
2003; McDowall, 2006) we expect a similar picture to emerge in
Patagonia. Apeculiarity of trout invasion is that abiotic barriers, act-
2 imnol
i
t
b
n
s
p
(
w
C
o
o
e
t
A
r
m
r
2
o
m
t
F
p
e
s
n
e
u
v
A
u
t
w
A
#
R
B
B
B
B
B
B
C
C
C
C26 R.J. Albarin˜o, L.M. Buria / L
ng at the catchment scale, have limited the extent of colonization,
hereby providing refuges for native fauna. Examples are thermal
arriers against trout, which were unable to establish perma-
ent populations in warmer downstream reaches of Argentinean
treams (Ortubay et al., 1997; Molineri, 2008) and water pH, which
revented trout to settle in New Zealand acidic streams (pH<6.0)
Olsson et al., 2006). More often, physical barriers (mostly natural
aterfalls) prevent upstream colonization by trout (Townsend and
rowl, 1991; Buria et al., 2007; Molineri, 2008). The upper reaches
f mountain streams in Northern Patagonia, where in their vicinity
nly a few mountaineering “alpine huts” exist, may be thought as
cosystem sanctuaries where pristine in situ functional and struc-
ural conditions are occurring as in pre-trout introduction times.
lthough the extent of this contention may be not true if upstream
eaches would depend signiﬁcantly on downstream processes, the
ajority of ecological events that connect upstream–downstream
eaches in ﬂuvial systems are mostly ruled by gravity (Gomi et al.,
002).
As in other parts of the world, there is conﬂict in Patagonia
ver trout as governmental policies that promote trout seedling to
aintain and enhance development of sport-ﬁshing and aquacul-
ure industries collide with biodiversity and conservation issues.
urther research needs to address the extension to which trout
redation affects Patagonian biodiversity, in terms of changes in
cological, evolutionary and biogeographic processes at different
patial and temporal scales. Those investigations are relevant issues
eeded to carefully design trout industry strategies in Patagonia,
specially when the economical beneﬁts of trout introduction are
sually easier to quantify relative to the costs imposed on biodi-
ersity.
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